OBJECTIVE -The purpose of this study was to examine the association between fruit, vegetable, and fruit juice intake and development of type 2 diabetes.
T he worldwide burden of type 2 diabetes has increased rapidly in tandem with increases in obesity. The most recent estimate for the number of people with diabetes worldwide in 2000 was 171 million, and this number is projected to increase to at least 366 million by the year 2030 (1) . Fruit and vegetable consumption has been associated with decreased incidence of and mortality from a variety of health outcomes including obesity, hypertension, and cardiovascular diseases in epidemiological studies (2) (3) (4) . However, few prospective studies have examined the relationship between fruit and vegetable intake and risk of diabetes, and the results are not entirely consistent (5) (6) (7) (8) (9) (10) .
Differences in the nutrient contents of fruits and vegetables by group could lead to differences in health effects. Furthermore, the role of fruit juices could be important and has not been well studied. Although fruit juices may have antioxidant activity (11) , they lack fiber, are less satiating, and tend to have high sugar content. To further explore the role of fruit and vegetable consumption in the development of diabetes, we examined the association between intake of all fruits and vegetables, specific groups of fruits and vegetables, and fruit juices among women enrolled in the Nurses' Health Study diet cohort.
RESEARCH DESIGN AND METHODS -The Nurses' Health
Study was established in 1976 with responses of 121,700 female registered nurses between the ages of 30 and 55 years from 11 different U.S. states to an initial mailed questionnaire regarding medical history, lifestyle, diet, and other health practices. Follow-up questionnaires were mailed every 2 years to update information on health-related behavior and determine incident disease, including diabetes and other chronic diseases. The diet cohort was established in 1980 with 98,462 participants. Of those, 81,757 completed the 1984 questionnaire, had a total energy intake that was between 600 and 3,500 kcal, and left fewer than 12 food items blank (n ϭ 16,705 excluded). We also excluded women who died before the return of the 1984 questionnaire (n ϭ 1); who had diagnosed cardiovascular disease (n ϭ 2,681), cancer (n ϭ 4,218), or diabetes (n ϭ 2,116) at the assessment in 1984; and who were missing date of diagnosis of diabetes (n ϭ 1,395). After these exclusions, a total of 71,346 women (72.5% of the diet cohort) contributed to the analysis, with follow-up completed in June of 2002.
Dietary assessment
A semiquantitative food-frequency questionnaire (FFQ) was included with the general health questionnaire in 1980, 1984, 1986, 1990, 1994, and 1998 . The 1980 FFQ contained 61 items, with 6 questions on fruit consumption, 11 on vegetable consumption, and 3 on potato consumption. In 1984, the FFQ was substantially expanded to include 16 questions on fruit consumption, 28 on vegetable consumption, and 3 on potato consumption. In this analysis, we considered 1984 as the baseline because the FFQ remained consistent afterward. Participants were asked to report the frequencies of their consumption of fruit and vegetable items during the previous year. For each fruit or vegetable, a standard unit or portion size was specified.
Nine responses were possible, ranging from "never" to "six or more times per day" (12). The response to each food item was converted to average daily intakes and then summed to compute the total intake (fruit juices were not included in total fruit intake or total fruit and vegetable intake). Average daily intakes of foods in specific groups (green leafy vegetables, legumes, and fruit juices) were assessed. Green leafy vegetables included spinach, kale, and lettuces; legumes included tofu, peas, and beans; and fruit juices included apple, orange, grapefruit, and other fruit juices. These categories were modified from those used in a different cohort in an earlier report (13) . Potato differs from all other commonly consumed vegetables in energy density, nutrient density, glycemic index and load, and the likelihood of its presence in fast food. Therefore, we did not include potatoes in any vegetable category. The validity of the FFQ has been evaluated in previous studies (14, 15) .
Assessment of nondietary covariates
Data on BMI, physical activity, smoking status, alcohol use, postmenopausal hormone therapy, family history of diabetes, and physician-diagnosed hypertension and high cholesterol were self-reported on biennial questionnaires. BMI (measured as weight in kilograms divided by the square of height in meters) was calculated by using updated weight information for each time period.
Ascertainment of outcomes
The primary end point was development of type 2 diabetes. At each 2-year cycle, participants were asked whether they had a diagnosis of diabetes. For each selfreported diagnosis of diabetes, a supplemental questionnaire was sent, asking about diabetes symptoms, diagnostic tests, and treatments. A diagnosis of diabetes was accepted when any one of the following criteria was met: 1) one or more classic symptoms of diabetes and reported elevated plasma glucose levels (fasting plasma glucose Ն7. 8 (17) .
Statistical analysis
Person-time of follow up was contributed by each eligible participant from the date of return of the 1984 questionnaire to the date of diagnosis of type 2 diabetes, 1 June 2002, or death from other causes. To reduce within-person variation and best represent long-term usual diet, the cumulative average frequency was calculated from all available questionnaires up to the start of each 2 year follow-up period (18) . Participants were divided into quintiles by frequency of intake to avoid assumptions about the shape of the doseresponse relationship. Cox proportional hazards models with time-dependent variables were used to adjust for potential confounders, including BMI, family history of diabetes, smoking, postmenopausal hormone use, alcohol intake, and physical activity. We also adjusted for dietary variables that have been related to diabetes in this cohort, including intakes of processed meats, potatoes, nuts, coffee, sodas, and whole grains (19 -24) . The proportional hazards assumption was tested by modeling the interaction of time with fruit and vegetable intake. To assess the linearity of trends, median values of intake for quintiles were treated as continuous in Cox regression models. Statistical analyses were performed with SAS software (version 9.0; SAS Institute, Cary, NC).
RESULTS -The baseline characteristics of the study participants by quintile of total fruit and vegetable intake are presented in Table 1 . Women who consumed more fruits and vegetables were older, were less likely to smoke cigarettes, and were more likely to exercise regularly and use hormone replacement therapy than their counterparts who did not consume fruits and vegetables as frequently. The median intake of fruit in this population throughout the follow-up period was 1.08 servings/day, whereas that for vegetables was 3.09 servings/day.
Over the 18 years of follow-up (1,203,994 person-years), we documented 4,529 cases of type 2 diabetes. No association between total fruit and vegetable intake and risk of diabetes was identified in age-adjusted or multivariateadjusted models (Table 2) . Results were similar for intake of total vegetables. Intake of total fruit and green leafy vegetables was inversely associated with development of type 2 diabetes. The multivariate-adjusted hazard ratio (HR) of diabetes by serving frequency for fruit juice is shown in Fig. 1 .
To further investigate the association between fruit juice consumption and development of type 2 diabetes, we subdivided fruit juices into apple, grapefruit, and orange juices and examined them individually in separate models. Among participants consuming Ͼ3 cups of apple juice/ month compared with those who consumed Ͻ1 cup of apple juice/month, the HR was 1.15 (95% CI 1.08 -1.22; P trend Ͻ 0.001). The corresponding HR for grapefruit juice consumers was 1.14 (1.05-1.23; P trend ϭ 0.001). Among participants consuming Ն1 cup of orange juice/day compared with those who consumed Ͻ1 cup of orange juice/month, the HR was 1.24 (1.10 -1.39; P trend Ͻ 0.001).
To situate our results for fruit juice intake in the context of results for other beverages, we also examined intake of colas (sugar-sweetened and low-calorie), other carbonated beverages, and fruit punch in relation to hazard of type 2 diabetes. After adjustment for BMI, family history of diabetes, smoking, postmenopausal hormone use, alcohol intake, physical activity, smoking, total energy intake, and consumption of whole grains, nuts, processed meats, coffee, and potatoes, the HRs for an increase of 1 serving/ day (95% CI) were 1.08 (1.04 -1.12), 1.11 (1.07-1.16), 1.04 (1.00 -1.09), and 1.10 (1.06 -1.15) for sugar-sweetened cola, low-calorie cola, other carbonated beverages, and fruit punch, respectively.
We also examined whether the relationship between fruit juice intake and diabetes was affected by BMI and physical activity. In multivariate-adjusted models, we identified a modest ordinal interaction that was statistically significant (P Ͻ 0.001 for BMI and P ϭ 0.03 for physical activity). Among participants with a BMI Ն25 kg/m 2 , the HR (95% CI) for those in the highest quintile of fruit juice intake compared with those in the lowest was 1.33 (1.19 -1.48); for participants with BMI Ͻ25 kg/m 2 , the corresponding value was 1.60 (1.18 -2.16). Among participants who performed Յ1.5 h of physical activity/week, the HR (95% CI) for those Intake of fruit juices and diabetes in the highest quintile of fruit juice intake compared with those in the lowest was 1.34 (1.18 -1.53); for participants who performed Ͼ1.5 h of physical activity/ day, the corresponding value was 1.42 (1.18 -1.73).
CONCLUSIONS -In this large prospective cohort of middle-aged American women, overall fruit and vegetable intake was not associated with the development of type 2 diabetes. Intake of fruit juices was positively associated with incidence of type 2 diabetes, whereas intake of whole fruits and green leafy vegetables was inversely associated. These associations were independent of known risk factors for type 2 diabetes, including age, BMI, family history, smoking, postmenopausal hormone use, alcohol intake, physical activity, smoking, total energy intake, and consumption of whole grains, nuts, processed meats, coffee, and potatoes. This study is one of the first to prospectively examine fruit juice intake and the risk of type 2 diabetes.
The positive association between fruit juice consumption and diabetes risk may relate to the relative lack of fiber and other phytochemicals, the liquid state, and the high sugar load. The rapid delivery of a large sugar load, without many other components that are a part of whole fruits, may be an important mechanism by which fruit juices could contribute to the development of diabetes. Fructose consumption has also been implicated in the development of many manifestations of the insulin resistance syndrome (25, 26) . Frequent consumption of fruit juices may contribute to a higher dietary glycemic load, which has been positively associated with diabetes in this cohort (27) . Fruit and green leafy vegetables may contribute to a decreased incidence of type 2 diabetes through their low energy density, low glycemic load, and high fiber and micronutrient content (28) . In particular, green leafy vegetables may supply magnesium, which has been inversely linked to the development of type 2 diabetes in women (8).
We searched MEDLINE to January 2008 to identify prospective studies of fruit and vegetable intake and risk of type 2 diabetes. In all, we identified six studies that are summarized in Table 3 (5-10). Many of these studies had small sample sizes, combined fruit juice intake with whole fruit intake, and did not include updated measures of dietary intake during the study.
Other investigations have related the consumption of sugar-sweetened or nondiet colas, other sodas, and fruit punches to development of type 2 diabetes (23). In the Nurses' Health Study II cohort, which comprised 91,249 women followed for 8 years from 1991-1999, women consuming at least 1 sugar-sweetened soft drink/ day were 1.83 times more likely (95% CI 1.42-2.36; P trend Ͻ 0.001) to develop type 2 diabetes compared with those who consumed this type of beverage less than once per month, after adjustment for potential confounders. Consumption of fruit punches was also associated with increased diabetes risk (multivariate- Age-adjusted Age-adjusted Age-adjusted *For vegetables, fruit, and fruit and vegetables combined, data for 3 servings/day increase are shown; for all other items, 1 serving/day increase is shown. †Shown is overall median intake for the entire category and, in parentheses, the median intakes for the lowest and highest quintiles, data are in servings/day distribution based on the cumulative average of median values from questionnaires from 1984, 1986, 1990, 1994, and 1998 . ‡Additionally adjusted for BMI, physical activity, family history of diabetes, postmenopausal hormone use, alcohol use, smoking, and total energy intake. §Adjusted for all variables in model 1 and additionally for whole grains, nuts, processed meats, coffee, potatoes, and sugar-sweetened soft drinks. ʈNeither fruit nor fruit and vegetables include fruit juices. adjusted HR 2.00 [95% CI 1.33-3.03]; P ϭ 0.001). In that study, fruit juice consumption was not associated with diabetes risk; however, increased consumption of fruit juices in the first 4 years from baseline was associated with a significantly greater weight gain among women over the course of follow-up (4.03 kg) compared with decreased fruit juice consumption (2.32 kg) during the same period (P Ͻ 0.001). Possible reasons for the discrepancy between results in these two cohorts include misclassification of fruit juice intake in the Nurses' Health Study II, which incorporated only two dietary assessments (1991 and 1995) . In the present study, five dietary assessments were available (1984, 1986, 1990, 1994 , and 1998) to classify fruit juice intake. In addition, the Nurses' Health Study II cohort is younger and over the course of 9 years of follow-up developed only 741 cases of incident type 2 diabetes. In the present study, 18 years of follow-up were available, with 4,529 cases of incident type 2 diabetes. The primary limitation of our study was the potential for bias due to measurement error. We attempted to reduce measurement error in assessing long-term diet by using the average of all available measurements of diet up to the start of each 2-year follow-up interval (18) . In addition, although our results for fruit juice consumption and type 2 diabetes are a relatively new finding, those for green leafy vegetable consumption have been replicated in at least one large study using different dietary assessment methods that should have differently structured measurement errors (10) . The possibility of unknown confounding, which cannot be ruled out in any observational study, must also be acknowledged. The FFQ used in this study does not distinguish between canned and fresh fruits, which have different nutrient profiles and may be associated with different food habits. Moreover, the food supply has changed significantly over the past decades, whereas our FFQ has not; nevertheless, the most common foods eaten in the U.S. population are encompassed in our instrument. There may be underestimation of type 2 diabetes by self-report; however, our population is highly educated about medical conditions, so self-report error should be substantially less than that in a general population. Fasting glucose criteria for diabetes were lowered in 1997, possibly contributing to underestimation in this study. Also, it is possible that women may have misreported fruit punches as juices. Fruit punches have been associated with an increased incidence of diabetes in U.S. women (23) . Because of the homogeneity of our population, generalizability of these results to women of other race and ethnicity bears further examination.
Intake of fruit juices and diabetes
Our findings of a positive association of fruit juice intake with hazard of diabetes suggest that caution should be observed in replacing some beverages with fruit juices in an effort to provide healthier options. Moreover, the same caution applies to the recommendation that 100% fruit juice be considered a serving of fruit as it is in the present national dietary guidelines (30) . In general, the observed associations between fruits and vegetables are weaker than those for cardiovascular disease (31) . However, if fruits and vegetables are used to replace refined grains and white potatoes, both of which have been shown to be associated with increased risk of diabetes (20, 32) , the benefits of regular consumption of fruits and vegetables should be substantial. 
